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■The  region  under  study  is  drained  by  many  streams  and  rivers  flowing  out 
of  the  area.  Primary  drainage  is  towards  Lake  Superior  in  the  north  and  west 
and  towards  Lake  Michigan  in  the  south  and  east.  In  most  of  the  area,  however 
drainage  is  poorly  developed  and  these  regions  are  characterized  by  numerous 
ponds,  lakes  and  sv^ampy  areas. 
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Water  nuality  in  streams  is  generally  good  with  total  dissolved 
solids  content  low --no  more  than  about  200  ppm  even  under  low  flow 
conditions, with  hardness  less  than  120  pmm. 

Surface  water  resources  are  not  extensively  developed  at  the 
present  time  with  main  uses  being  for  recreation,  fishing,  hydroelectric 
power  production, and  industry. 
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SUMMARY 


The  Study  Area  is  drained  by  many  streams  that  converge  into 
large  streams  and  rivers  flowing  out  of  the  area.  These 
major  drainages  flow  in  two  general  directions.  Large 
streams  draining  the  northern  and  western  portions  of  the 
Study  Area  generally  flow  north  to  Lake  Superior.  Streams 
draining  the  central  and  southeastern  portions  of  the  area 
drain  southeastward  into  Lake  Michigan,  or  into  the  Menominee 
River  (which,  in  turn,  drains  into  Lake  Michigan) . 

In  parts  of  the  Study  Area,  especially  where  Precambrian 
bedrock  is  at  or  near  the  surface,  the  drainage  net  is  highly 
developed,  and  there  is  efficient  drainage.  This  results  in 
"flashy"  stream  behavior,  where  the  streams  rise  quickly  fol- 
lowing a period  of  rainfall,  have  high  peak  flows,  and  then 
subside  rapidly.  In  most  of  the  area,  however,  drainage  is 
poorly  developed.  These  areas  are  characterized  by  numerous 
ponds,  lakes,  and  swampy  areas.  There  are  often  thick  and 
extensive  deposits  of  permeable  glacial  overburden,  and  during 
rainy  periods,  much  of  the  rain  infiltrates  the  ground  instead 
of  running  off.  The  presence  of  significant  numbers  of  sur- 
face water  bodies  allows  temporary  storage  of  surface  runoff. 
These  factors  combine  to  produce  a streamflow  Ijehavior  char- 
acterized by  relatively  gradual  rises  in  streams,  moderate 
peak  flows,  and  then  gradual  declines  in  streamflow.  In  such 
areas,  the  base  flow  of  streams  during  rainless  periods  is 
sustained  by  ground  water  that  has  infiltrated  into  the 
glacial  overburden  and  then  emerges  as  springs  and  seeps 
which  feed  the  streams.  Tlius,  these  areas  having  poorly 
developed  drainage  do  not  usually  exhibit  "flashy"  stream 
behavior,  but  instead  tend  to  have  a relatively  uniform  flow. 
Many  USGS  stream  gaging  stations  are  located  in  the  Study 
Area,  and  numerous  streamflow  records  are  available. 

The  quality  of  water  in  the  streams  is  generally  good.  The 
Precambrian  bedrock  in  the  central  part  of  the  Study  Area 
yields  very  little  soluble  material  to  t)ie  streams.  The 
overlyimi  glacial  deposits  in  this  area  yields  only  small 
amounts  of  soluble  materials,  so  the  total  dissolved  solids 
content  of  most  streams  is  low--proliably  no  more  than  aliouf 
200  ppm  even  under  low  flow  conditions.  During  periods  of 
higti  flow,  the  concentrations  of  various  ions  in  streams  tend 
to  decrease  due;  to  dilution.  The  Paleozoic  rocks  around  the 
periphery  of  the  .'=!tudy  Area  contribute  more  dissolved  mater- 
ials to  the  streams.  Limestones  in  particular  can  cause  the 
surface  waters  to  be  somewhat  hard,  since  tliey  contribute 
calcium  and  magnesium  to  streams  flowing  ovt'r  them.  Hard- 
ness during  low  flow  conditions  in  most  of  the  Study  Are.i  is 
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less  than  120  ppm.  Excessive  iron  is  not  a problem  in  most 
streams.  There  is  some  evidence  of  bacterial  contamination 
of  streams  and  lakes  in  highly  populated  parts  of  the  area, 
but  this  is  not  a widespread  problem.  Lakes  having  surface 
outlets  generally  have  water  quality  similar  to  that  of 
streams  but  sometimes  of  lower  hardness  and  lower  TDS.  In 
lakes  without  surface  outlets,  the  water  is  often  very  soft 
(less  than  20  ppm),  and  the  TDS  concentration  is  generally 
low. 

Silt  loads  in  streams  within  the  area  are  generally  low,  al- 
though stream  turbidities  can  be  high  in  local  areas  down- 
stream of  mining  operations.  This  turbidity  is  reduced  by 
dilution  downstream  of  the  source,  however,  and  does  not 
appear  to  have  any  seriously  adverse  effect  on  fish  life.  In 
some  areas,  the  presence  of  extensive  fine  grained  lakebed 
deposits  can  cause  high  silt  loads  in  streams  draining  these 
areas . 

There  is  some  potential  for  scour  problems  in  areas  where 
there  are  appreciable  thicknesses  of  unconsolidated  glacial 
deposit  materials  which  can  be  picked  up  and  transported  by 
streams  during  periods  of  high  flow. 

The  surface  water  resources  of  the  Study  Area  are  not  exten- 
sively developed  at  the  present  time.  Some  of  the  main  uses 
of  streams,  lakes  and  reservoirs  are  for  recreation,  fishing, 
dilution  of  waste  waters,  hydroelectric  power  production  (see 
Utilities  Report)  and  industry,  particularly  ore  processing. 


EVOLUTION 


Processes  Leading  to  Existing  Conditions 

Surface  water  is  one  component  of  the  overall  hydrologic 
system  of  the  Upper  Peninsula  of  Michigan.  The  source  of 
the  water  is  precipitation,  which  runs  off  the  surface  form- 
ing streams  and  lakes,  percolates  downward  to  join  the 
ground  water  storage,  or  is  returned  to  the  atmosphere  by 
evapotranspiration . The  runoff  waters  erode  the  surface  and 
form  stream  channels  and  valleys.  Water  that  percolates  into 
the  ground  may  move  through  the  shallow  aquifers  and  eventu- 
ally enter  the  surface  flow  at  a lower  elevation.  Between 
rains,  this  ground  water  seepage  maintains  stream  flow.  Sur- 
face water,  on  the  other  hand,  may  provide  recharge  to  ground 
water  supplies  when  the  surface  water  level  is  higher  than 
the  adjacent  ground  water  table.  This  situation  is  most 
likely  to  occur  during  the  spring  melt  when  water  levels  are 
high,  and  flooding  of  low  lands  adjacent  to  stream  channels 
allows  a large  volume  of  water  to  infiltrate  into  the  ground 
water  reserves. 

Besides  streams  and  rivers,  surface  water  also  occurs  in 
lakes,  swamps,  and  bogs.  Most  of  the  lake  basins  within  the 
Study  Area  have  been  formed  as  a result  of  glacial  processes. 
Some  are  impounded  by  man-made  structures  and  used  for  power 
generation  and  recreation. 

The  degree  of  development  of  the  stream  drainage  is  influ- 
enced by  factors  such  as  topography  and  the  character  of  the 
underlying  geologic  materials.  In  areas  of  low  relief,  the 
drainage  is  poorly  developed  and  characterized  by  a small 
number  of  streams  with  few  tributaries,  interconnecting 
swamps,  bogs,  and  lakes.  This  is  due  in  part  to  the  low 
relief,  but  also  is  a result  of  the  relatively  young  topo- 
graphic surface  that  has  developed  since  the  retreat  of  the 
last  glacier  from  the  area  approximately  10,000  years  ago. 
Over  an  extremely  long  period  of  time,  a more  efficient 
drainage  net  will  probably  develop,  but  within  the  foresee- 
able future,  the  present  drainage  can  be  considered  stable. 

Man  has  modified  surface  water  flow  conditions  within  the 
Study  Area  by  building  dams  and  reservoirs  that  hold  back 
runoff;  by  construction  projects,  culvei'ts,  and  other 
stream  channel  modifications  that  alter  flow  patterns  and 
change  natural  erosion;  and  by  urbanizing  specific  areas, 
with  construction  of  road  networks  .and  other  paved  areas, 
erection  of  structures,  planting  lawns  and  nardens,  etc., 


1 


r 


all  of  which  result  in  changes  in  infiltration  and  drainage. 

In  some  local  areas,  the  natural  surface  water  quality  has 
been  changed  somewhat  by  disposal  of  waste  materials,  and 
by  fertilization  resulting  from  agricultural  procedures. 
However,  surface  water  in  the  area  is  relatively  unmodified 
because  of  the  relatively  low  population  and  lack  of  urban- 
ization . 

Anticipated  Future  Conditions 

It  is  unlikely  that  significant  changes  will  occur  in  the 
surface  water  regime  of  the  Study  Area  in  the  foreseeable 
future,  except  in  the  vicinity  of  existing  or  future  recrea- 
tional lake  developments.  In  these  potentially  rapidly 
developing  areas,  it  is  possible  that  the  quality  of  the 
surface  water  could  change  due  to  disposal  of  wastes,  and 
that  erosion  and  siltation  could  be  accelerated  by  grading 
operations.  It  is  likely  that  any  construction  activity 
near  stream  crossings  would  accelerate  erosion  and  silta- 
tion, but  these  effects  could  be  minimized  by  strict  control 
of  the  procedures  employed,  as  required  by  the  Michigan  De- 
partment of  Natural  Resources  (see  Appendix  D) . Also  quality 
of  t!ie  surfai-e  water  could  be  affected  by  significant  disposal 
of  waste  water,  and  treatment  may  bo  necessary. 


•1 


DISTINCTIVE  UNITS  AND  CHARACTERISTICS 


Occurrence  of  Surface  Water 


General  Occurrence  and  Use 

Surface  water  is  the  water  flowing  or  impounded  on  the  surface 
of  the  land.  This  includes  rivers,  streams,  lakes,  ponds,  and 
reservoirs.  The  source  of  surface  water  is  precipitation  that 
falls  within  the  area  and  either  enters  the  system  directly 
as  runoff,  or  infiltrates  into  the  ground  and  indirectly  be- 
comes surface  flow  when  it  subsequently  emerges  as  springs 
and  seeps.  Both  perennial  and  intermittent  streams  exist 
within  the  Study  Area.  These  two  types  of  streams  and  the 
relative  sizes  of  the  streams  (as  shown  by  stream  order)  are 
indicated  on  the  Surface  Water  Data  Map.  The  surface  waters 
of  the  Study  Area  have  important  industrial,  minicipal,  and 
domestic  uses.  These  include  power  generation,  mining, 
recreation,  and  use  as  minicipal  water  sources. 

Principal  Rivers 

The  principal  drainage  in  the  Study  Area  is  either  north  to 
Lake  Superior  or  southeast  toward  Lake  Michigan  (see  Surface 
Water  Data  Map) . Important  rivers  flowing  into  Lake  Superior 
are  the  Yellow  Dog,  Huron,  Silver,  and  Sturgeon.  The  Paint 
and  Michigamme  Rivers  flow  south  or  southeast  into  the 
Menominee  River  bordering  the  south-central  edge  of  the  Study 
Area.  The  Menominee  River  empties  into  Lake  Michigan  at 
Menominee.  The  Escanaba  River  flows  generally  southeast,  and 
empties  into  Lake  Michigan  at  Escanaba. 

Lakes 

Lake  Superior  borders  part  of  the  Study  Area  to  the  north. 
Inland  water  bodies  are  found  throughout  the  Study  Area  and 
represent  about  2%  of  the  total  surface  area.  Most  of  these 
are  natural  lakes  and  ponds,  and  the  majority  are  less  than 
20  acres  in  size.  The  largest  natural  lakes  are  more  than 
500  acres  in  size.  The  large  number  of  natural  water  bodies 
found  in  the  Study  Area  is  the  result  of  the  recent  glacia- 
tion. In  many  places,  natural  basins  now  exist  where  the 
ice  gouged  out  bedrock  or  deposited  glacial  debris  so  that 
closed  depressions  were  formeii.  Lakt's  and  iionds  are  also 
found  in  depressions  on  topographically  low,  deposit-covered 
areas  where  ttie  drainage  is  young  and  inefficient.  Only 
those  lakes  that  wore  indicated  on  the  original  1:250,000 
scale  base  maps  were  delineated  on  the  Surface  Water  Data 
Map;  however,  many  smaller  lakes  that  are  not  shown  exist 
in  the  Study  Area. 


Seafarer 


«!*■ 


The  predominant  use  of  man-made  reservoirs  in  the  Study  Area 
is  for  agriculture,  municipal  water  supplies,  and  hydro- 
electric power  generation.  Some  of  the  larger  reservoirs 
include  Lake  Michigamme  (4,212  acres)  and  Dead  River  Storage 
Basin  (2,704  acres)  in  Marquette  County,  and  Peavy  Pond 
(2,673  acres)  in  Iron  County.  All  of  these  are  used  for 
hydroelectric  power  generation. 

A new  reservoir  in  the  Study  Area  is  the  Greenwood  Reservoir 
(about  1,400  acres)  located  near  Greenwood  (see  Figure  1). 
This  reservoir,  completed  in  September  of  1973,  was  con- 
structed by  Cleveland  Clifs  Iron  Company  to  provide  water 
for  iron  ore  processing.  It  has  a usable  capacity  of 
23,300  acre-feet.  Two  outlets  in  the  afterbay  regulate  the 
release  and  diversion  flow.  The  diverted  water  flows  into 
Schweitzer  Reservoir  via  Green  Creek.  Water  is  then  diverted 
from  Schweitzer  Reservoir  for  iron  ore  processing  and  re- 
turned to  the  Middle  Branch  Escanaba  River  via  another  Green 
Creek.  The  release  flow  from  Greenwood  Reservoir  is  main- 
tained no  lower  than  24  cfs. 


Information  on  most  of  the  lakes,  ponds,  and  reservoirs  in 
the  Study  Area  is  presented  in  the  Michigan  Lake  Inventory 

Bulletins.  The  inventories  are  by  county,  and  include  area,  j 
location,  origin,  maximum  depth,  shore  type  (%  organic  and  i 
mineral),  fish  type,  and  whether  threr  is  public  access  to  j 
each  of  the  listed  water  bodies.  These  publications  are 


available  from  the  Michigan  Department  of  Resources  Develop- 
ment, Michigan  State  University,  East  Lansing,  Michigan. 

Springs 

Springs  are  not  of  great  importance  in  the  Study  Area. 
Available  spring  records  indicate  that  flows  are  generally 
less  than  5 gallons  per  minute  for  springs  issuing  from 
glacial  deposits.  Large  springs  are  also  rare  in  the  crystal- 
line Precambrian  bedrock  because  of  its  low  ground  water 
storage  capabilities.  It  is  possible,  however,  that  large 
spring  flows  occur  in  areas  underlain  by  Paleozoic  sedimen- 
tary rocks,  and  where  the  crystalline  bedrock  is  well  frac- 
tured and  can  be  recharged  from  secondary  storage,  such  as 
lakes,  streams,  or  overlying  glacial  deposits. 

Drainage  Areas 

The  bedrock  underlying  most  of  the  Study  Area  consists 
primarily  of  Precambrian  rock  with  smaller  areas  of  Paleo- 
zoic sedimentary  rocks.  Over  most  of  the  Study  Area  the 
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bedrock  is  covered  by  up  to  300'  of  unconsolidated  glacial 
deposits.  The  most  extensive  areas  where  glacial  deposits 
are  thin  or  absent  are  in  east-central  Baraga  and  Marquette 
Counties . 

The  character  of  the  surficial  material  has  a great  effect 
on  the  development  and  behavior  of  the  streams  draining 
that  area.  In  the  Study  Area,  the  streams  with  a drainage 
basin  developed  primarily  in  the  areas  of  crystalline  bedrock 
with  little  or  no  glacial  mantle  tend  to  be  somewhat  "flashy" 
due  to  the  low  permeability  of  the  rock  and  consequent  lack 
of  infiltration.  These  streams  are  characterized  by  quick, 
high  peak  flows  following  rains  and  low  flow  during  dry 
periods.  An  example  of  this  type  of  stream  is  the  Peshekee 
River  in  Marquette  County. 

In  general,  most  major  streams  with  drainage  basins  on  thick 
glacial  deposits  are  not  "flashy",  since  the  permeability  of 
these  materials  is  much  greater  than  that  of  the  crystalline 
rocks.  The  higher  permeability  permits  more  infiltration  of 
snowmelt  and  rainfall,  and  thus  reduces  the  runoff  and  peak 
flow  of  the  basin,  resulting  in  a poorly  developed  drainage 
net . 

Water  infiltrating  the  surface  material  recharges  ground 
water  aquifers,  and  some  water  eventually  seeps  into  streams 
at  a lower  elevation.  This  seepage  maintains  stream  flow 
between  rains  and  during  the  winter.  Thus,  in  general,  the 
streams  on  relatively  permeable  glacial  deposits  tend  to  be 
less  "flashy"  with  lower  peak  flows  and  have  higher,  more 
uniform  base  flows  derived  from  ground  water  seepage.  There 
are  some  exceptions  to  this.  Drainage  basins  on  impermeable 
till,  with  a well  developed  drainage  pattern  may  also  show  a 
"flashy"  behavior. 

The  degree  of  development  and  integration  of  the  drainage 
net  is  also  an  important  factor  in  controlling  the  character 
of  the  stream  flow.  Many  of  the  streams  on  glacial  deposits 
in  the  Study  Area  have  a poorly  developed  drainage  pattern. 
These  streams  have  few  tributaries  that  interconnect  swamps, 
lakes,  and  bogs.  This  reduces  rapid  runoff  and  provides 
surface  storage,  thus  reducing  peak  flows.  The  poorly  drained 
portions  of  the  Study  Area  are  a consequence  of  both  low 
relief  and  the  relatively  young  geologic  age  of  the  drainage 
basins.  The  last  glacier  retreated  from  the  Upper  Peninsula 
of  Michigan  approximately  10,000  years  ago,  and  the  drainage 
pattern  has  not  had  sufficient  time  to  fully  develop  on  some 
of  the  relatively  low-lying  glacial  deposits. 
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Surface  waters  are  derived  ultimately  from  precipitation. 

The  distribution  of  normal  precipitation  within  the  Upper 
Peninsula  of  Michigan  during  the  period  1931-1960  is  shown 
in  Figure  3 of  the  Climatic  Data  narrative.  The  normal  pre- 
cipitation is  relatively  uniform  in  the  Study  Area  and  ranges 
from  30  to  32  inches  per  year. 

Stream  Sampling/Gaging  Stations 

The  various  types  of  sampling/gaging  stations  and  sources 
of  data  are  as  follows: 

U.S.  Geological  Survey  Stream  Gaging  Stations 

These  are  stations  of  the  U.  S.  Geological  Survey  that  re- 
cord daily  discharge  on  major  streams.  The  stations  are 
permanent,  although  occasionally  a site  may  be  added  or  de- 
leted. The  records  are  published  annually  by  the  USGS  in 
Water  Resources  Data  for  Michigan,  Part  1,  Surface  Water 
Records.  Summary  flow  data  for  these  stations  are  included 
in  Appendix  A. 

U.S.  Geological  Survey  Crest  Stage  Partial-Record  Stations 

These  recording  stations  are  mechanical  devices  that  record 
peak  stream  stages  between  readings.  They  are  monitored  by 
the  USGS,  and  the  data  are  published  in  Water  Resources  Data 
for  Michigan,  Part  1,  Surface  Water  Records. 

U.S.  Geological  Survey  Water  Quality  Stations 

These  are  more  or  less  permanent  stations  at  which  one  or 
more  of  various  water  quality  parameters  are  measured.  Those 
data  include  measurements  of  chemical  quality,  bacterial 
quality,  water  temperature,  and  sediment  content.  The 
data  are  published  annually  by  the  USGS  in  Water  Resources 
for  Michigan,  Part  2,  Water  Quality  Records.  Summary  re- 
cords for  these  stations  are  included  in  Appendix  C. 

U.S.  Geological  Survey  Miscellaneous  Sampling  Sites 

These  consist  of  water  quality  data  obtained  at  sites  other 
than  established  water  quality  stations.  Included  with  these' 
data  in  the  Appendix  are  four  sampling  locations  and  data 
from  USGS  Water  Supply  Paper  1841. 
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U.S.  Geological  Survey  Water  Quality  Data  from  Circular  634 


These  consist  of  chemical  quality  data  published  in  Circular 
634,  Chemical  Quality  of  Michigan  Streams.  The  data  were 
collected  at  times  of  high  and  low  flow  on  streams  in  1967. 
Some  of  the  sampling  locations  overlap  with  USGS  water  quality 
stations . 

Michigan  Department  of  Conservation  - U.S.  Geological  Survey 
Water  Quality  Data 

These  data  consist  of  stream  and  lake  water  quality  measure- 
ments collected  for  county  ground  water  reports  within  the 
Study  Area. 

Miscellaneous  Streamflow  Measurements  in  Michigan  Through 
September  1970 

These  measurements  consist  of  about  160  miscellaneous  gaging 
points  in  the  Study  Area  at  which  discharge  measurements 
have  been  made  between  the  early  1940s  and  September  1970 
by  the  U.  S.  Geological  Survey  through  cooperative  programs 
with  other  federal,  state,  and  local  agencies.  These  data 
consist  of  discharge  measurements  published  in  the  USGS 
annual  series  of  reports,  unpublished  data  from  USGS  files, 
and  also  published  discharge  measurements  made  by  the  Michi- 
gan Bureau  of  Water  Management.  These  miscellaneous  gaging 
points  are  not  shown  on  the  Surface  Water  Data  Map;  however, 
a list  of  the  streams  on  which  there  are  data  for  one  or 
more  gaging  locations  is  included  in  Appendix  A. 

S TO RUT  Retrieval  Information 

This  includes  a large  amount  of  data  from  miscellaneous 
water  cjuality  stations  in  Baraga,  Delta,  Dickinson,  Houghton, 
Iron,  Marquette,  and  Menominee  Counties.  The  data  consists 
of  one  or  more  chemical  analyses,  the  use  of  the  water,  and 
sometimes  the  flow  rate.  This  information  is  not  included 
in  the  Appendices,  but  is  available  in  computer  printout  term 
from  Michigan  Department  of  Natural  Resources,  Bureau  of 
Water  Management  and  Water  Resources  Commission,  Comprehen- 
sive Studies  Section,  Stevens  T.  Mason  Building,  Lansing, 
Michigan  84926.  (A  copy  of  this  information  is  also  held 
in  the  ESA  files.) 
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Chemical  Quality 

Streams  and  Rivers.  The  surface  water  within  the  Study  Area 
is  generally  of  good  chemical  quality.  Glacial  deposits, 
which  cover  most  of  the  area,  contribute  only  a small 
amount  of  dissolved  ions  to  surface  runoff.  Most  of  the 
bedrock  at  the  surface  is  hard  Precambrian  rock,  which  con- 
tributes only  a small  amount  of  dissolved  material.  The 
Paleozoic  rocks  of  the  Study  Area  generally  contribute  the 
most  dissolved  material  to  surface  and  ground  water.  In 
particular,  limestone  and  dolomite  contribute  calcium  and 
magnesium,  and  increase  the  hardness.  Where  present,  these 
rock  types  have  a local  effect  on  surface  water  quality. 
During  low  flow,  the  chemical  composition  of  the  streams 
approaches  that  of  the  ground  water  because  at  low  flow  the 
stream  is  maintained  principally  by  ground  water  seepage. 
Ground  water  tends  to  have  a higher  dissolved  ion  content 
because  of  longer  contact  time  with  mineral  grains.  Al- 
though sometimes  high  in  iron  content,  the  ground  water  of 
the  area  is  also  of  good  quality,  and  even  at  low  flow  the 
streams  usually  have  a total  dissolved  solids  (TDS)  content 
of  less  than  200  ppm.  The  hardness  of  the  stream  water  is 
usually  in  the  range  of  50  to  100  ppm  (soft  to  moderately 
hard) , although  a few  streams  have  values  outside  this 
range.  Detailed  water  quality  information  on  specific 
streams  or  areas  shown  on  the  Surface  Water  Data  Map  is 
contained  in  the  Appendix  and  the  STORET  retrieval  infor- 
mation . 

Lakes . The  cjuality  of  lake  water  in  the  Study  Area  is 
generally  good.  Lakes  with  outlets  have  about  tlie  same 
range  of  chemical  constituents  as  streams,  although  the 
hardness  and  total  dissolved  solids  in  the  lakes  may  be 
lower.  The  limited  data  available  indicate  that  lakes 
without  outlets  have  very  soft  waters  (less  than  20  ppm) 
and  low  TDS  concentrations.  Tiiis  seems  to  indicate  that 
these  lakes  are  fed  principally  by  precipitation  and  sur- 
face runoff.  If  the  waters  were  mostly  spring-derived,  the 
TDS  and  hardness  would  probably  be  greated  and  more  nearly 
that  of  the  ground  water.  These  lakes  must  also  have  out- 
flow leakage  to  prevent  concentration  of  ions  by  evapora- 
t ion . 
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temperature.  Streams  with  high  base  flows  tend  to  be  cooler 
in  the  summer  and  warmer  in  the  fall  than  streams  fed  prin- 
cipally by  surface  runoff.  This  is  because  the  temperature 
of  the  ground  water  is  relatively  constant  throughout  the 
year;  thus,  streams  that  receive  a large  volume  of  ground 
water  seepage  arc  less  responsive  to  seasonal  temperature 
variations.  The  water  temperature  of  a stream  has  a great 
effect  on  its  chemical,  bacterial,  and  physical  processes, 
and  thus,  suitability  for  various  uses.  Trout,  for  example, 
thrive  best  in  waters  that  seldom  exceed  20°C.  (68°F.)  stream 
temperature.  Records  in  the  Study  Area  indicate  that  the 
stream  water  temperature  is  usually  less  than  20°C.,  although 
there  may  be  short  periods  during  the  summer  when  daily  water 
temperatures  exceed  this  value.  The  municipal  and  industrial 
wastes  that  currently  flow  into  the  streams  in  the  area  have 
a small  effect  on  stream  temperature. 

Industrial,  Municipal,  and  Domestic  Pollution 

Industrial,  municipal,  and  domestic  pollution  of  the  streams, 
lakes,  and  rivers  of  the  Study  Area  is  not  a great  problem 
at  this  time.  The  population  density  is  low  for  the  area  as 
a whole,  and  stream  flow  relatively  high.  With  increases  in 
population  and  further  economic  development,  more  efficient 
waste-treatment  methods  may  be  required  at  some  locations 
to  avoid  degradation  of  the  surface  water. 

At  present  effluent  from  domestic  septic  tanks  causes  local 
contamination  in  some  streams.  Shallow  shoreward  lake  water 
may  contain  small  amounts  of  coliform  bacteria  adjacent  to 
cottages  and  resorts.  It  can  bo  expected  that  greater 
development  and  recreational  use  of  lakes  and  smaller  streams 
will  increase  this  problem. 

Records  of  municipal  waste  water  treatment  are  maintained 
by  the  Water  Resources  Division  of  the  Michigan  Department 
of  Natural  Resources.  The  Department  of  Natural  Resources 
also  periodically  monitors  the  receiving  water  downstream 
from  effluent  discharge  points. 

The  two  principal  industrial  uses  of  water  in  tl;e  .“itudy 
Area  are  for  power  generation  and  in  the  iron  industry. 

Rxcept  for  possible  changes  to  the  temperature,  use  of 
surface  water  for  hydroelectric  power  generation  lias  essen- 
tially no  effect  on  its  (juality.  The  iron  industry  uses 
vast  amounts  of  water  in  the  mining  and  processincT  of  ore. 

Most  of  tlie  water  used  in  the  iron  industry  comes  from  the 
Michigamme,  Car[i,  and  Middle'  Branch  Bscanaba  Riveis  and 
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Schweitzer  Creek.  After  most  of  the  suspended  sediment  is 
removed  in  settling  ponds,  the  water  is  eventually  put  back 
into  the  stream.  Water  used  in  benef iciation  processes  and 
returned  to  streams  has  an  increase  of  hardness,  total  dis- 
solved solids,  sulphate,  nitrate,  silica,  turbidity,  and 
sediment  concentration.  The  chemical  quality  of  this  dis- 
charge, however,  is  still  good  and  does  not  greatly  affect 
the  receiving  stream  (Wiitala,  et  al.,  1967,  p.  121). 

Flow  Characteristics 

Peak  Flows  and  Flooding.  Peak  flow  is  the  maximum  discharge 
of  a stream  during  a given  time  period.  A statistical  pea)c 
flow  such  as  "20  year  peak  flow"  is  the  discharge  that  on 
the  average  would  occur  once  every  20  years.  This  is  simply 
a long-term  mathematical  average.  It  does  not  imply  that 
each  20  year  peak  flow  will  be  20  years  apart.  Under  given 
climatic  conditions,  the  peak  flow  of  a stream  depends  on 
various  geologic  and  hydrologic  characteristics  such  as  the 
infiltration  capacity  of  the  surficial  material,  drainage 
basin  area,  development  of  the  drainage  net,  stream  gradient, 
topography,  and  the  number  and  size  of  lakes.  In  an  area  of 
reasonably  similar  geologic  materials  and  uniform  climatic 
conditions,  the  yearly  mean  peak  flow  will  generally  in- 
crease with  increasing  basin  size. 

In  the  Michigan  Study  Area,  the  relationship  between  in- 
creasing drainage  area  and  increasing  peak  flow  is  not  uni- 
versally valid.  As  discussed  previously,  the  variable 
character  of  the  underlying  rock  and  soil  materials  has  a 
great  effect  on  the  peak  flows  of  the  streams  in  the  Study 
Area.  A river  that  is  developed  principally  on  crystalline 
Precambrian  rock  or  on  relatively  impermeable  glacial  de- 
posits will  tend  to  have  higher  peak  discharges  than  an 
equivalent  sized  drainage  basin  developed  on  more  permeable 
materials . 

Calculated  Peak  Flows.  Statistical  peak  flows  were  pre- 
dicted for  unregulated  stream  gaging  points  Ijy  the  use  of 
the  method  of  Wiitala  (1965).  Values  were  determined  for 
the  5,  10,  20,  and  30  year  peak  flows  at  12  gaging  station 
locations.  These  data  are  included  in  Table  1.  Tliis  pre- 
diction method  is  limited  )>y  the  shortness  of  recorded 
stream  flow  data.  Benson  (1960)  studied  the  accuracy  of 
different  recording  periods  based  on  a theoretical  1,000 
year  record.  He  concluded  tliat  a 31  year  record  was  neces- 
sary to  predict  flows  within  25'»  accuracy  for  the  25  year 
flood,  and  105  years  to  predict  the  25  year  flood  to  witliin 
10  . 
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The  predicted  peak  flows  were  compared  to  existing  records 
at  the  six  stations  with  recording  periods  greater  than 
20  years  (Table  1) . In  these  comparisons,  the  size  of  the 
predicted  flow  seems  to  be  at  least  in  the  range  of  the 
recorded  flows.  A correction  factor  can  be  included  in  the 
predicted  data  to  account  for  surface  storage  in  lakes  and 
swamps.  This  would  reduce  the  predicted  peak  flows.  This 
factor  was  ignored  in  this  study,  and  the  predicted  flows 
are  thus  on  the  high  side. 

It  should  also  be  noted  that  the  predicted  peak  flows  are 
derived  using  generalized  curves  for  areas  with  similar 
flood  behavior.  When  studying  smaller  basins  within  these 
areas,  however,  consideration  should  be  given  to  local  geo- 
logic and  hydrologic  conditions.  For  example,  a stream 
draining  an  area  underlain  by  relatively  impermeable  till, 
or  exposed  bedrock,  may  have  higher  peak  flow  than  would  be 
suggested  by  this  prediction  method. 

In  summary,  when  tempered  with  additional  geologic  and 
hydrologic  data,  this  method  can  be  used  to  give  a reason- 
able indication  of  expected  peak  flood  flow  in  unregulated 
streams  in  the  Study  Area.  Actual  stream  gage  records  are 
more  desirable,  but  when,  they  are  of  short  period  of  record, 
or  nonexistent,  this  method  is  valuable. 

High  flows  in  Michigan's  Upper  Peninsula  are  usually  the 
result  of  spring  snowmelt  of  a combination  of  rain  and  snow- 
melt. High  intensity  rainfall  may  also  cause  infrequent 
summer  flooding.  On  July  29,  1949,  for  example,  5"  of  pre- 
cipitation was  measured  in  about  two  hours  at  Ishpeming. 

It  is  estimated  that  the  resulting  flood  caused  sev’eral  hun- 
dred thousand  dollars  of  damage  to  roads  and  open  fields. 

The  record  floods  of  the  spring  of  1960  were  the  result  of 
both  rain  and  snown\elt.  The  property  loss  from  this  flood 
was  low,  primarily  due  to  a lack  of  damage  potential  on  the 
floodplains  (Wiitala,  et  al.,  1967,  p.  34). 

On  a smaller  areal  extent,  ice  damming  is  another  potential 
flood  hazard.  During  the  spring  breakup,  ice  blocks  may 
wedge  and  block  the  stream  channel,  causin<j  local  flooding. 

These  are  six  HUD  flood  studios  currently  in  procuress  in 
the  Upper  Peninsula  of  Michigan.  Those  studies  will  pro- 
vide data  on  exp^ected  discharges  for  floods  of  variovis  re- 
currence interv'als  and  will  also  determine  flood  zones. 

The  areas  under  stuciy  are  the  uni  ncorp^orated  areas  of  Delta 
and  Menominee  Counties  and  the  towns  of  Fscanaba,  C.ladstone, 
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Table  1.  PREDICTED  MAGNITUDE  AND  FREQUENCY  OF 
FLOODS  AT  SELECTED  LOCATIONS 


Station 

Number 

Drainage 

Station  Name  Area  (sq.  mi.) 

Flow 
Recurrence 
5 10 

(cfs) 

Interval  (yrs) 
20  30 

405 

Sturgeon  River  near  Sidnaw,  Mich. 

171 

1940 

3570 

4410 

4620 

578 

Middle  Branch  Escanaba  R.  at  Humboldt 

46.0 

1540 

1870 

2310 

2420 

580 

Middle  Branch  Escanaba  R.  nr.  Ishpeming 

128 

1680 

2040 

2520 

2640 

584 

Goose  Lake  Outlet  nr.  Sands  Stn.  Mich. 

37.5 

630 

765 

945 

990 

605 

Iron  River  at  Caspian,  Mich. 

92.1 

770 

935 

1155 

1210 

610 

Brule  River  near  Florence,  Wise. 

389 

2380 

2890 

3570 

3740 

622 

Peshekee  River  nr.  Champion,  Mich. 

133 

3500 

4250 

5250 

5500 

622.3 

Michigamme  R.  nr.  Michigamme,  Mich. 

194 

2520 

3060 

3780 

3960 

623 

Michigamme  R.  at  Republic,  Mich. 

240 

2940 

3570 

4410 

4620 

624 

Michigamme  R.  nr.  Witch  Lake,  Mich. 

316 

3640 

4420 

5460 

5720 

653 

West  Branch  Sturgeon  R.  nr.  Randville 

56.1 

532 

646 

798 

836 

655 

Sturgeon  River  nr.  Foster  City,  Mich. 

237 

1680 

2040 

2520 

2640 

Table  2.  PRi:DICTED  AND  OBSERVED  PEAK  FLOWS 


Station 

Location 

5 yr 

Predicted 
10  yr  20  yr 

30  yr 

Observed 
(cf  .s)  /year 

Number  of 
Year.s  Kecordi'd 

605 

Iron  River  at 
Caspi.in 

770 

935 

1155 

1210 

1930/1953 

2 3 

405 

Sturgeon  River 
near  Sidnow 

2940 

3570 

4410 

4620 

41.30/1  "60 

31 

610 

Brule  River  nr. 
Florence,  Wise. 

2 380 

2890 

3570 

3740 

4 700/1 "5 3 

28 
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Menominee,  and  Ironwood.  These  studies  are  being  done  by 
the  Escanaba  office  of  the  U.  S.  Geological  Survey,  and  by 
Johnson  and  Anderson,  a consulting  firm  in  Pontiac,  Michi- 
gan. The  expected  completion  date  of  these  studies  is  some 
time  during  1976.  Although  the  area  considered  in  these 
flood  studies  include  only  a small  part  of  the  Study  Area, 
the  methods  and  results  will  have  some  application  to  the 
entire  area. 

Stream  Ordering.  Various  methods  have  been  proposed  for  the 
study  of  streams  and  drainage  basins.  Drainage  density,  for 
example,  is  the  total  length  of  streams  in  a basin  divided 
by  the  area  of  the  basin.  Another  parameter  sometimes  meas- 
ured is  stream  f requency--the  number  of  streams  divided  by 
the  drainage  area. 

During  this  study,  streams  have  been  ordered  by  a system  pro- 
posed by  Strahler  (1957).  By  this  method,  the  smallest  streams 
of  the  drainage  net  mapped  on  the  particular  topographic  base 
map  used  are  designated  as  first  order.  Moving  downstream, 
the  stream  becomes  second  order  at  the  joining  of  two  first- 
order  streams,  third  order  at  the  joining  of  two  second-order 
streams,  and  so  on.  Two  streams  of  the  same  order  must  meet 
to  raise  the  stream  to  the  next  higher  order.  A stream  of  a 
given  order,  however,  may  have  any  number  of  lower  order  tribu- 
taries . 

The  streams  in  the  Study  Area  were  ordered  on  a 1:250,000 
scale  topographic  base.  Consequently,  the  lowest  order 
streams  wore  designated  third  order  to  compensate  approxi- 
mately for  the  orders  that  would  have  been  obtained  had  the 
ordering  been  done  on  a 1:24,000  topographic  base  to  conform 
with  other  study  areas.  The  results  of  the  stream  ordering 
and  the  outlines  of  the  drainage  basins  are  shown  on  the 
Surface  Water  Data  Map. 

Stream  order  can  be  qualitatively  related  to  peak  flow.  In 
general,  the  order  of  the  largest  stream  in  a drainage  basin 
increases  with  increasing  drainage  art>a.  Drainage  area  is 
one  of  the  most  important  factors  affecting  peak  flows  in 
different  basins,  and  the  expected  peak  flow  should  increase 
with  increasing  stream  order.  This  relationship,  however,  is 
not  universally  true  in  the  Study  Area,  {primarily  because  of 
the  variation  of  geologic  materials. 

Sediment  Yield 

Factors  that  affect  the  sediment  yield  from  a basin  arc  the 
amount  and  form  of  precipitation,  character  of  the  soil,  plant 
cover,  drainage  density,  topo<}raphy,  and  land  use.  Although 
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data  are  somewhat  limited,  the  quantity  of  suspended  sediment 
in  the  surface  water  is  generally  low  in  the  Study  Area.  Low 
sediment  yield  can  be  generally  expected  from  the  areas  of 
glacial  outwash  deposits  and  exposed  crystalline  Precambrian 
rock.  Areas  of  outwash  deposits  produce  low  sediment  yield 
due  to  the  coarseness  of  material.  Further,  the  rapid  infil- 
tration of  precipitation  in  these  materials  results  in  a lower 
runof  f . 

On  the  other  hand,  glacial  lake  deposits  have  relatively 
high  sediment  yield  due  to  the  fine  grain  size  and  low 
cohesion  of  the  particles.  This  explains  the  siltation 
problems  that  occur  in  northern  Ontonagon  County  (west  of  the 
Study  Area)  where  extensive  lake  deposits  exist.  The  sedi- 
ment yield  from  till  deposits  is  generally  lower  than  that 
from  areas  of  glacial  lake  deposits.  These  deposits  are 
clay-rich,  cohesive,  and  not  as  erodible  as  the  less  cohesive 
lake  deposits. 

Other  factors  can  also  have  a large  influence  on  local  sedi- 
ment yield.  Denuding  land  for  agricultural  uses,  for  example, 
exposes  a vast  amount  of  material  to  erosion  that  in  its 
natural  state  was  protected  by  dense  vegetation.  Poor  farm- 
ing practices  can  greatly  increase  this  problem. 

Local  Problems  Related  to  Surface  Flow 

The  Michigan  Department  of  State  Highways  and  Transportation 
has  furnished  general  information  pertaining  to  flow  problems 
at  highway  crossings  in  the  western  portion  of  the  Michigan 
Upper  Peninsula. 

Common  Highway  maintenance  problems  within  the  Study  Area 
include  minor  road  washouts  due  to  high  streamflow,  wave 
erosion  along  Lake  Superior  beaches , and  breakage  of  beav'er 
dams.  The  breakage  of  beaver  dams  can  result  in  extremely 
high,  localized  flows  in  remote  areas.  Companies  main- 
taining natural  gas  transmission  lines  in  the  northern 
United  States  and  Canada  employ  pilots  who  regularly  fly  the 
pipeline  right-of-way  and  check  for  potential  problems  such 
as  beaver  dam  buildups  tr.at  could  result  in  damage  to  the 
buried  pipe  (Wall  Street  Journal,  December  29,  1975,  page  1). 

Siltation  is  a problem  outside  of  the  Study  Area  in  northern 
Ontonagon  County  duo  to  the  predominance  of  fine  grained, 
easily  eroded  glacial  lake  deposits.  The  prolilem  is  greatest 
at  highway  crossings  along  Highway  M-64,  and  on  most  of  the 
streams  in  Ontonagon  County  that  flow  into  Lake  Supc’rior. 
Dredging  is  often  required  to  remove  silts  that  accumulate 
at  the  moutti  of  the  Ontonagon  Rivei'.  Similar  f i m’  grained 
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glacial  lake-bed  deposits  are  found  in  northern  Baraga 
County  (see  Surficial  Geologic  Data  Map) , and  streams  drain- 
ing these  areas  may  have  local  siltation  problems  where 
stream  flow  is  restricted. 

Ice  damming  could  be  a problem  within  the  Study  Area,  parti- 
cularly where  a river  enters  a lake.  During  the  spring 
breakup,  blocks  of  ice  and  debris  may  jam  up  and  restrict 
streamflow.  This  can  cause  flooding  and  excessive  scour  due 
to  high  flow  velocities  beneath  the  jam.  The  problem  can  be 
controlled  by  dynamiting  to  break  up  ice  jams  as  they  develop. 
This  problem  is  intensified  by  the  high  streamflows  that 
occur  during  the  spring  melt. 

Another  streamflow  problem  in  the  Study  Area  includes  minor 
bank  erosion  at  the  U.  S.  41  crossing  on  the  Chocolay  River 
in  Marquette  County.  This  problem  is  minor  and  is  usually 
corrected  with  rockfill  or  riprap  replacement. 
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RELATIONSHIP  TO  OTHER  DATA 


The  flow  characteristics  of  a stream  are  controlled  by  both 
climatic  and  geologic  factors.  Ultimately,  the  total  volume 
of  water  available  for  the  surface  water/ground  water  system 
is  the  volume  of  precipitation  minus  the  water  lost  by  evap- 
oration and  evapotranspiration  (water  released  to  the  atmos- 
phere by  evaporation  and  plant  transpiration) . The  propor- 
tion of  available  water  that  becomes  surface  runoff  is  con- 
trolled by  climatic  factors  (intensity  of  rainfall,  tempera- 
ture) geologic  factors  (permeability  of  geologic  materials, 
topography)  and  other  related  factors  including  vegetation. 
Water  that  does  not  run  off  and  is  not  removed  by  evapotrans- 
piration will,  after  exceeding  the  moisture-holding  capacity 
of  the  soil,  recharge  the  ground  water  supplies. 

Ground  and  surface  waters  are  intricately  related,  and  water 
often  moves  between  surface  flows  and  ground  water  aquifers. 
When  the  stream  level  is  higher  than  the  adjacent  ground 
water  table,  the  stream  is  influent,  and  water  flows  from 
the  stream  into  the  shallow  aquifer.  A stream  is  effluent 
when  the  stream  water  level  is  lower  than  the  ground  water 
table  and  ground  water  seeps  into  the  stream  channel.  A 
stream  may  be  effluent  or  influent  along  different  sections 
of  its  channel,  or  it  may  change,  over  the  course  of  the 
year.  For  example,  a stream  may  be  influent  during  flood 
flow  when  the  level  is  above  the  ground  water  table  and 
become  effluent  during  dry  periods. 

The  discharge  of  the  stream  and  permeability  of  the  geologic 
materials  will  determine  how  much  exchange  of  water  there  is 
between  the  ground  water  and  a surface  channel.  Streams  flow- 
ing through  permeable  glacial  outwash,  or  alluvial  deposits, 
may  lose  or  gain  a relatively  large  volume  of  water.  Good 
producing  wells  can  often  be  located  in  permeable  units  near 
streams  whore  the  aquifer  is  being  continually  recharged. 

The  base  flow  of  a stream  is  the  flow  maintained  by  ground 
water  seepage  during  fair  weather.  Areas  of  more  permeable 
geologic  material  generally  have  a lower  runoff,  but  provide 
more  ground  water  recliarge  than  less  permeable  areas.  In  the 
more  permeable  areas,  the  poa)<  flows  are  reduced  and  more 
water  is  available  for  base  flow.  This  results  in  a more 
uniform  yearly  flow  than  may  be  present  in  less  permeable 
areas.  Examples  of  this  type  of  stream  are  the  ViJest  Branch, 
Flopper  and  Bear  Creelts,  and  the  Chocolay  River.  These  are 
located  south  and  southeast  of  Ishpeming. 
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The  distribution  of  surface  water  has  an  influence  on  popula- 
tion distribution  and  land  use.  Towns  and  cities  are  commonly 
founded  along  streams  and  rivers  for  readily  accessible  water 
and  waste  removal.  Surface  water  is  also  important  for  agri- 
cultural and  industrial  use.  Surface  water  is  an  important 
aspect  of  the  sporting,  recreation,  and  tourist  industries. 
Besides  esthetic  qualities,  the  surface  water  provides  for 
boating,  water  skiing,  fishing,  and  other  aquatic  activities. 
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VALIDITY 


Data  Sources 

The  U.  S.  Geological  Survey,  Michigan  Geological  Survey,  and 
Michigan  Department  of  Natural  Resources  were  the  principal 
sources  of  data.  The  delineation  of  the  stream  courses  was 
determined  from  U.  S.  Geological  Survey  1:250,000  scale  topo- 
graphic maps. 

Types  of  Data  Available 

General  information  on  surface  water  was  obtained  from  county 
ground  water  reports.  These  reports  were  available  for  all 
of  the  counties  in  the  Study  Area  except  Marquette.  Infor- 
mation on  the  water  resources  of  the  Marquette  Iron  Range 
was  obtained  from  a USGS  Water  Supply  Paper  by  Wiitala,  et  al. 
(1967) . The  report  is  primarily  concerned  with  the  Marquette 
Range  mining  area,  but  much  of  the  discussion  is  applicable 
to  the  entire  Michigan  Upper  Peninsula. 

Surface  water  quality  data  were  available  from  several  sources. 
Data  from  the  regularly  monitored  USGS  Water  Quality  Stations 
were  obtained  from  "Water  Resources  Data  for  Michigan,  Part  2, 
Water  Quality  Records",  1970  through  1974.  Low  and  high  flow 
chemical  analyses  were  found  in  USGS  Circular  634,  "Chemical 
Quality  of  Michigan  Streams".  The  report  by  Wiitala,  et  al. 
(1967)  provided  chemical  analyses  and  sediment  load  measure- 
ments within  the  Marquette  mining  area.  Miscellaneous  stream 
and  lake  water  analyses  were  found  in  county  ground  water 
reports  by  the  Michigan  Geological  Survey,  and  in  the  unpub- 
lished data  of  C.  J.  Doonan.  Finally,  chemical  analyses  from 
miscellaneous  sites  in  the  Study  Area  are  available  from  the 
STORET  Retrieval  System. 

Important  streamflow  data  were  obtained  from  the  records  of 
the  USGS  stream  gaging  stations.  These  include  regular 
measurements  of  flow,  low  and  high  flow  peaks  for  the  year 
and  over  the  recording  period,  mean  flow,  drainage  area,  and 
remarks  concerning  any  upstream  flow  regulations.  Other 
peak  flow  data  were  obtained  from  Crest  Stage  Partial  Record 
Stations  of  the  USG.S  . Stream  discharge  measurements  at  mis- 
cellaneous sites  are  available  from  the  publication  "Compil- 
ation of  Miscellaneous  Streamflow  Measurements  in  Michigan 
through  September  1970",  prepared  by  the  U.  S.  Geological 
Survey  and  Michigan  Geological  Survey.  Also,  some  stream  dis- 
charge measurements  at  miscellaneous  sites  are  available  from 
the  STORET  Retrieval  System. 


This  discharge  at  a gaging  station  is  determined  by  measuring 
the  cross  section  and  velocity  distribution  of  the  stream. 

The  calculated  discharge  is  plotted  against  the  gage  height 
at  different  flows  to  give  a stage-discharge  relation  curve. 
From  this  curve,  the  discharge  at  any  gage  height  is  deter- 
mined. These  values  are  not  strictly  accurate  due  to  the 
complicated  variables  such  as  changing  channel  cross  section, 
erosion,  siltation,  velocity  distribution,  etc.  Also,  approxi- 
mations must  be  made  for  gage  heights  greater  than  those  for 
which  velocity  measurements  exist.  During  the  winter,  ice 
formation  may  require  that  the  discharge  be  calculated  in 
another  manner.  Further  information  on  gaging  methods  can  be 
found  in  Corbett,  et  al.,  1943. 

The  degree  of  accuracy  of  the  discharge  at  a given  gaging  sta- 
tion is  indicated  under  "Remarks"  in  the  record  for  that  sta- 
tion. An  "excellent"  record  means  that  about  95%  of  the  daily 
discharge  values  are  within  5%.  A "good"  record  means  within 
10%,  a "fair"  within  15%,  and  a "poor"  everything  less  than 
"fair".  Within  the  Study  Area,  almost  all  of  the  stations 
have  at  least  "good"  accuracy,  although  a little  over  half  of 
these  have  only  "fair"  accuracy  during  the  winter.  For  pur- 
poses of  planning,  water  management,  construction,  etc., 
these  values  of  discharge  are  considered  well  within  required 
limits  of  accuracy. 

The  water  quality  data  are  condidered  accurate.  Laboratory 
analyses,  however,  are  more  reliable  than  those  done  in  the 
field.  Regularly  monitored  quality  stations  are  more  valuable 
than  miscellaneous  sampling  sites  because  they  show  seasonal 
variations  related  to  flow,  or  other  factors. 

The  various  reports  on  the  ground  and  surface  waters  of  the 
Study  Area  were  done  by  established  and  qualified  agencies. 

The  conclusions  are  consistent  between  reports  and  in  agree- 
ment with  the  data. 


Procedures  Used  in  Processing  Data 


The  Surface  Water  Data  Map  produced  in  this  study  shows  the 
stream  courses,  major  drainage  basins,  stream  order,  and  loca- 
tions of  sampling  points  corresponding  to  the  data  in  the 
Appendices.  It  also  shows  whether  the  streams  are  peren- 
nial or  intermittent.  This  map  is  a summary  of  some  Isasic 
hydrologic  data  of  the  Study  Area. 
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All  available  surface  water  information  on  the  Study  Area 
was  studied,  and  the  general  character  and  behavior  of  the 
streams  were  determined.  Streamflow  and  water  quality  loca- 
tions were  plotted  on  the  Surface  Water  Data  Map  and  keyed 
to  the  Appendix.  The  miscellaneous  flow  and  sampling  sites 
found  in  the  STORET  Retrieval  System,  and  in  the  publica- 
tion "Compilation  of  Miscellaneous  Streamflow  Measurements 
in  Michigan  through  September  1970",  by  the  U.  S.  Geological 
Survey  and  Michigan  Geological  Survey  was  not  included  be- 
cause of  space  limitations. 

Basic  hydrologic  data  are  included  in  the  Appendices.  Apen- 
dix  A contains  records  of  maximum  and  minimum  stream  flows 
recorded  at  USGS  stream  gaging  stations.  These  data  are 
keyed  to  the  sampling  locations  on  the  Surface  Water  Data 
Map  with  the  USGS  station  numbers.  Appendix  B contains  water 
quality  and  some  temperature  data  collected  by  the  Michigan 
Department  of  Natural  Resources.  These  records  are  keyed  to 
the  sampling  locations  by  the  Township  and  Range  System  of 
the  Bureau  of  Land  Management.  Appendix  C contains  water 
quality,  silt  load,  and  temperature  data  recorded  at  USGS 
Water  Quality  Stations.  Like  Appendix  A,  these  sampling 
points  are  located  on  the  Surface  Water  Data  Map  with  the 
USGS  stations  numbers.  In  many  cases,  the  USGS  Water  Quality 
Stations  are  also  stream  gaging  stations  and  have  the  same 
station  numbers.  Symbols  on  the  Surface  Water  Data  Map  indi- 
cate the  type  of  data  (stream  flow,  water  quality,  silt  load, 
temperature)  available  for  each  sampling  point. 

To  avoid  confusion  with  outside  data,  it  should  be  noted  that 
the  USGS  Stations  numbers  have  been  abbreviated  in  this  report 
to  simplify  coding  on  the  Surface  Water  Data  Map.  The  actual 
stations  numbers  have  eight  digits;  however,  since  the  first 
three  digits  are  the  same  for  all  stations  in  the  Study  Area, 
they  have  been  dropped.  In  most  cases,  the  last  two  digits 
are  zeros,  which  are  deleted,  leaving  the  fourth,  fifth,  and 
sixth  digits  as  the  abbreviated  stations  number.  If,  however, 
one  or  both  of  the  last  digits  is  not  zero,  then  it  is  added, 
preceded  by  a decimal  point.  Thus,  for  example,  the  USGS 
Station  No.  04057820  is  shortened  to  578.2  in  this  report. 

Water  (juality  data  in  Appendix  B,  collected  by  the  Michigan 
Department  of  Natural  Resources,  are  keyed  to  the  map  by  tlic 
Township-Range  system.  A typical  sampling  location  is,  for 
example,  T47N  R33W  5-1  NE  SE.  The  first  two  parts,  T43N  R33W 
arc  the  coordinates  of  a six  mile  square  township,  ns  shown 
in  Figure  1 . Each  township  is  subdivided  into  36  one  mile 
square  section,  as  also  shown  on  Figure  1 . The  numbers  5-1 
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in  the  above  sampling  location  refers  to  Section  5,  sampling 
location  No.  1.  In  addition,  NE  SE  indicates  that  the  well 
is  located  in  the  northeast  quarter  of  the  southeast  quarter 
of  Section  5.  Only  the  identification  No.  5-1  appears  on  the 
map,  however,  as  the  coordinates  of  the  township  can  be 
readily  determined. 
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BIBLIOGRAPHY 


Bensoni  M.  A.,  1960.  Characteristics  of  frequency  curves 

based  on  a theoretical  1,000-year  record,  in  Dalrymple, 

T. , Flood  Frequency  Analyses:  USGS  Water  Supply  Paper 

1543-A,  p.  51-74. 

Benson,  M.  A.,  1962.  Factors  influencing  the  occurrence  of 

floods  in  a humid  region  of  diverse  terrain.  USGS  Water- 
Supply  Paper  1580-b. 

Boyum,  Burton  H.,  1975.  The  Marquette  Mineral  District  of 
Michigan:  Cleveland  Cliffs  Iron  Company  in  conjunc- 

tion with  21st  Annual  Institute  on  Lake  Superior 
Geology . 

Corbett,  D.  M.,  et  al.,  1943.  Stream  gaging  procedure,  a 

manual  describing  methods  and  practices  of  the  Geologic 
Survey.  USGA  Water  Supply  Paper  888. 

Doonan,  C.  J.,  unpublished  report  on  ground  water  resources 
of  Marquette  County,  Michigan,  USGS. 

Doonan,  C.  J.,  and  Byerlay,  J.  R. , 1973.  Ground  Water  and 

Geology  of  Baraga  County,  Michigan:  Michigan  Geological 

Survey  Water  Investigation  No.  11. 

Doonan,  C.  J.,  and  Hendrickson,  G.  E.,  1968.  Ground  Water 
in  Gogebic  County,  Michigan,  State  of  Michigan  Depart- 
ment of  Natural  Resources  Water  Investigation  No.  8. 

Doonan,  C.  J,,  Hendrickson,  G.  E.,  Byerlay,  J.  R. , 1970. 

Ground  water  and  Geology  of  Keweenaw  Peninsula,  Michi- 
gan, State  of  Michigan  Department  of  Natural  Resources 
Water  Investigation  No.  10. 

Doonan,  C.  J.,  and  Hendrickson,  G.  E.,  1967.  Ground  Water 
in  Iron  County,  Michigan,  State  of  Michigan  Department 
of  Conservation  Water  Investigation  No.  7. 

Doonan,  C.  J.,  and  Henrickson,  G.  E.,  1969.  Ground  Water 
in  Ontonagon  County,  Michigan,  State  of  Michigan  De- 
partment of  Natural  Resources  Viator  Investigation  No.  9. 

Hendrickson,  G.  E.,  and  Doonan,  C.  J.,  1966.  Ciround  Water 

Resources  of  Dickinson  County,  Michigan,  State  of 
Michigan  Department  of  Conservation  Water  Investigation 
No.  5. 


2 6 


Hendrickson,  G.  E.,  Knutilla,  R.  L. , and  Doonan,  C.  J., 

1973.  Hydrology  and  recreation  on  the  cold-water 
rivers  of  Michigan's  Upper  Peninsula:  USGS  and  Michi- 

gan Geological  Survey  Water  Information  Service  Report 
No.  4 . 

Huffman,  G.  C. , 1875.  1974  ground  water  data  for  Michigan: 

USGS  and  Michigan  Geological  Survey. 

Hulbert,  Gordon  C. , 1975.  Hydrologist,  Escanaba  office  of 
USGS:  Personal  communication. 

Knutilla,  R.  L.,  1974.  Compilation  of  Miscellaneous  Stream- 
flow  Measurements  in  Michigan  through  September  1970: 

USGS  and  Michigan  Geological  Survey  Water  Information 
Service  Report  No.  5. 

Marusich,  A.  J.,  1973  and  1975.  District  Engineer,  Crystal 
Falls  Office,  Michigan  Department  of  State  Highways  and 
Transportation:  Personal  communication. 

Michigan's  Upper  Peninsula,  1973.  Upper  Peninsula  Resources 
Conservation  and  Development  Council,  assisted  by  U.  S. 
Department  of  Agriculture. 

Natural  Resource  Analysis,  1974.  Western  Upper  Peninsula 
Planning  and  Development  Region,  P.  0.  Box  365, 

Houghton,  Michigan  49931. 

Noecker,  M. , Wiiatala,  S.  W. , and  Knutilla,  R.  L. , 1969. 

I Flood  of  August  1942  in  the  Ontonagon  River  Basin, 

Michigan:  USGS  and  Michigan  Department  of  Natural 

Resources  Open  File  Report. 

Pipeline  pilot  flies  risky  course  to  cut  gas-explosion  risk: 
Wall  Street  Journal,  December  29,  1975,  p.  1. 

Sinclair,  W.  C.,  1960.  Reconnaissance  of  the  Ground  Water 
Resources  of  Delta  County,  Michigan,  State  of  Michigan 
Department  of  Conservation  Progress  Report  No.  24. 

Stoimenoff,  L.  E.,  1972.  Regional  Draft-Storage  Relation- 
ships for  Central  and  Western  Upper  Peninsula  of  Michi- 
gan: USGS  and  Michigan  Department  of  Natural  Resources 

Open  File  Report. 

Strahler,  A.  N.,  1957.  Quantitative  Analysis  of  Watershed 

Geomorphology,  Trans  Am.  Geophysical  Union,  38:  913-920. 


27 


Vanlier,  K.  E.,  1963.  Reconnaissance  of  the  Ground  Water 

Resources  of  Alger  County,  Michigan,  State  of  Michigan 
Department  of  Conservation  Water  Investigation  No.  1. 

Vanlier,  K.  E.,  1963.  Ground  Water  in  Menominee  County, 
State  of  Michigan  Department  of  Conservation  Water 
Investigation  No.  2. 

Wiitala,  S.  W. , Newport,  T.  G.,  and  Skinner,  E.  L. , 1967. 
Water  Resources  of  the  Marquette  Iron  Range  Area, 
Michigan.  U.  S.  Geological  Survey  Water  Supply  Paper 
No.  1842. 

Wood,  W.  W. , 1970.  Chemical  Quality  of  Michigan  Streams. 

U.  S.  Geological  Survey  Circular  634. 

Water  Resources  Data  for  Michigan  1970,  Part  2.  Water 
Quality  Records.  U.  S.  Geological  Survey  1972. 

Water  Resources  Data  for  Michigan  1971,  Part  1.  Surface 
Water  Records,  U.  S.  Geological  Survey  1972. 


28 


GEOLOGICAL  SURVEY  STREAM  GAGING  STATIONS 


r 


1 

• 

T3 

a 

t 

c 

u 

0) 

lA 

0 

03 

0 

•H 

cr 

•H 

•H 

d) 

cn 

O 

u 

0 

0 

E 

u 

u 

fc; 

3 

03 

T3 

d) 

c 

« 

(/) 

U1 

u 

E 

x: 

03 

04 

u 

o 

c 

03 

0) 

(D 

u 

d) 

•H 

u 

P 

d) 

•H 

03 

£ 

CT' 

U 

c 

10 

X 

U) 

(0 

P 

p 

p 

CP 

0> 

03 

0 

0) 

03 

•H 

•w 

0 

«p 

03 

<D 

a; 

O 

0) 

•p 

5: 

TJ 

rH 

*u 

03 

rH 

i: 

(P  X| 

0 

0 

0 

CN 

<N 

ffi  u 

y— N 

v£) 

m 

0 

rp 

fp 

fp 

(N 

W 

U) 

• 

• 

• 

m 

• 

*h! 

(p 

rn 

% 

(N 

0 T3 

o 

CO 

Ip 

'd  • 

0 c 

•p  *p 

P Si 

•P 

a (pi 

CP 

p p 

0 03 

ip  j;: 

o 

N 

o 

»H 

0 

0 

CD 

m 

0 

0 

0 

(0  U), 

(A 

m 

r>i 

CNJ 

ID 

sD 

CO 

CD 

0)  -H, 

(p 

vD 

ro 

v£> 

0 

CD 

in 

e T3; 

o 

fp 

Ip 

CN 

CN 

0>  1 

P • 

CN 

■p  X, 

X 03| 

w si 

(P 

CP 

P 

03  ♦ : 

X ♦ 

U ^3 

W 0 

+ 

•p  *p 

ro 

0 

Q P 

• 

« 

0) 

w 

(N 

<T* 

rH 

1 

1 

1 

\ 

fp 

fp 

(P  Oj 

p 

lA 

y£> 

CN 

CP 

o 

OJ 

fp 

CN 

03  P 

P 0 

(P  (p 

> 

< 

Ld 

« 

•K 

* 

«P  1 

iTt 

m 

m 

m 

in 

in 

0 

ip 

r- 

r- 

P- 

r' 

r- 

p» 

p' 

T3 

<P 

(P 

CP 

CP 

CP 

CP 

CP 

CP 

CP 

CP 

T3  P 

rp 

rp 

*p 

Ip 

Ip 

fp 

Ip 

rH 

rH 

ip 

O 0 

1 

1 

1 

1 

1 

1 

1 

1 

1 

r 

•P  O 

CN 

ro 

rp 

CP 

n 

n 

m 

ro 

Ip 

P <P 

»P 

VD 

in 

r* 

r- 

p* 

in 

vD 

(p  o: 

(P 

CP 

CP 

(P 

CP 

CP 

CP 

(P 

CP 

(P 

0*  1 

«P 

fp 

fp 

Ip 

rp 

fp 

rP 

rp 

fp 

Ip 

(P 

• 

CP 

'p 

03  03 

E 

(N 

c d) 

• 

i 

• 

•p  p 

Ip 

vD 

r>* 

ro 

00 

CP 

03  < 

CP 

in 

ID 

ID 

P' 

(N 

Ip 

p 

(A 

rH 

fp 

CN 

a 

<p 

P 

(P 

03 

c 

03 

<P 

03 

03 

03 

3 

P 

S 

03 

03 

03 

01 

rfl 

CA 

03 

P 

CP 

0 

P 

c 

P 

0 

P 

P 

P 

03 

(P 

03 

•P 

0 

05 

0 

03 

•P 

05 

(P 

U 

4J 

0 

•p 

03 

U 

5 

0 

E 

U 

(A 

T3 

> 

(A 

lA 

lA 

C 

CA 

o» 

(A 

P 

W 

Ip 

P 

P 

o3 

U1 

0) 

Dr 

U1 

c 

P 

03 

0 

(P 

<U 

T3 

0) 

T5 

03 

x: 

0 

(P 

(P 

JZ 

Q 

V) 

> 

0 

Ip 

0 

x: 

P 

JZ 

(A 

•p  <p 

> 

C 

U 

<13 

•P 

0 

d) 

0 

u 

0 

U 

M 

C3 

4J  E 

•P 

C 

Q 

a; 

5 

c 

t: 

t: 

03  03 

n: 

P 

03 

z 

c 

C 

03 

P 

03 

P 

o< 

o z 

cu 

P 

T3 

T5 

Q) 

OJ 

03 

p 

03 

p 

03 

p 

w 1 

1 

c 

> 

CQ 

4J 

0 

0 

0 

(i> 

0 

d) 

(D 

0) 

a> 

z 

0 

•p 

03 

0 

0 

0 

P 

0 

P 

C 

p 

(P 

5 

(X 

d) 

? 

0 

3 

0 

0) 

o> 

o» 

CP 

03 

Ip 

p 

c 

c 

a 

c 

iP 

P 

fp 

p 

ip 

p 

C 

04 

T3 

(P 

d) 

(1) 

(1) 

P 

0) 

P 

T3 

0) 

OJ 

0) 

01 

d 

T3 

p 

T3 

> 

d) 

0) 

03 

03 

0) 

03 

01 

01 

> 

01 

p 

P 

03 

•P 

•p 

p 

p 

P 

0) 

p 

0) 

•P 

•H 

• p 

•p 

•H 

U) 

t/) 

CJ 

15 

0 

0 

C 

0 

C 

S 

(X 

>: 

iX 

s 

c 

0 u 

Ip 

m 

p d> 

Ip 

Ip 

fp 

rH 

4J  ^ 

in 

CD 

CO 

CO 

CD 

(D 

0 

rP 

03  § 

O 

r' 

p' 

P- 

CD 

CD 

4J  3 

'i* 

in 

m 

m 

m 

m 

u*> 

u'^ 

30 


GEOLOGICAL  SURVEY  STREAM  GAGING  STATIONS  (continued) 


GEOLOGICAL  SURVEY  STREAM  GAGING  STATIONS  (continued) 
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STREAMS  IN  STUDY  AREA  ON  WHICH  MISCELLANEOUS 
DISCHARGE  MEASUREMENTS  ARE  AVAILABLE* 


Streams  Tributary  to  Lake  Superior 
Sturgeon  River: 

Lateral  Creek  near  Three  Lakes 
Tioga  River  near  Covington 
Pelkie  Creek  near  Alberta 
Sturgeon  River  near  Alberta: 

Plumbago  Creek  at  Alberta 
Rock  River  near  Covington 
Rock  River  near  Alberta 
Kelsey  Creek  near  Keweenaw  Bay 
Hazel  Creek  near  Baraga 
Six  Mile  Creek  near  Baraga 
Silver  Creek  near  L'Anse 
Huron  River  near  Skanee 
Salmon  Trout  River  near  Big  Bay 
Iron  River: 

Yellow  Dog  River  near  Big  Bay 
Iron  River  near  Bay  Bay 
Dead  River: 

Little  Dead  River  near  Ishpeming 
Carp  River: 

Carp  Creek  near  Greenwood 
Carp  Creek  near  Ishpeming 

Carp  Creek  in  diversion  channel  near  Ishpeming 
Carp  Creek  at  Ishpeming 

Carp  Creek  upstream  from  Partridge  Creek  at  Ishpeming 
Partridge  Creek  at  Ishpeming 
Gold  Mine  Creek  near  Ishpeming 
Carp  River  at  Doer  Lake  near  Ishpeming 
Carp  River  near  Negaunee: 

Teal  Lake  outlet  at  Negaunee 
Carp  River  tributary  near  Negaunee 
Morgan  Creek  near  Negaunee 
Morgan  Creek  near  Marquette 
Chocolay  River: 

West  Branch  Chocolay  River: 

Silver  Lead  Creek  above  treatment  planet  at 
K.  I.  Sawyer  Air  Base 

Si Iver  Lead  Creek  below  treatment  plant  at 
K.  I.  Sawyer  Air  Base 


Note:  Discharge  measurement  sites  are  listed  in  downstream 

with  tributaries  (indented)  preceding  the  next  main  stem 
discharge  site.  .streams  followed  by  colons  do  not  have 
measurement  sites  above  the  tributaries  listed  below  it. 

* 

Data  available  in:  Knutilla,  1974 
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Streams  Tributary  to  Lake  Superior  (continued) 


West  Branch  Chocolay  River  near  Sands 
West  Branch  Chocolay  River  near  Skandia 
Chocolay  River  near  Harvey 
Big  Creek  near  Sands 

Peterson  Creek  at  Sands 
Peterson  Creek  near  Sands 
Big  Creek  near  Harvey 
Cedar  Creek  near  Sands 
Cedar  Creek  near  Harvey 
Cherry  Creek  near  Harvey 
Chocolay  River  near  Harvey 

Silver  Creek  near  Harvey 
Silver  Creek  at  Harvey 

Silver  Creek  at  Lake  Superior  and  Ishpeming  Railroad 
near  Harvey 

Streams  Tributary  to  Lake  Michigan 


Escanaba  River: 

Middle  Branch  Escanaba  River  near  Champion 
Second  River  near  Humboldt 

Halfway  Creek  at  U.  S.  Highway  41  near  Humboldt 
Halfway  Creek  near  Humboldt 
Middle  Branch  Escanaba  River  at  Humboldt 
Middle  Branch  Escanaba  River  near  Humboldt 
Boston  Lake  outlet  at  Diorite 
Boston  Lake  outlet  at  Clarksburg 
Middle  Branch  Escanaba  River  near  Clarksburg 
Black  River  near  Humboldt 
Middle  Branch  Escanaba  River  near  Greenwood 
Black  River: 

Lake  Lory  outlet  near  Humboldt 

McKinnon  Lake  outlet  near  Humboldt 
Lake  Lory  outlet  at  Highway  601  near  Humboldt 
Black  River  near  Republic 

Bruce  Creek  near  Republic 
Black  River  near  Greenwood 

Middle  Branch  Escanaba  Riv^er  tributary  near 
National  Mine 

V'Jest  Branch  Creek  near  Republic 
West  Branch  Creek  at  Highway  5R1  near  National 
Mine 

West  Branch  Creek  tributary  near  National 
Mine 

Rocky  Creek  near  National  Mine 
Rocky  Creek  at  mouth  near  National  Mine 
West  Branch  Creek  near  National  Mine 
Wes^  Branch  Creek  near  mouth  near  National  Mine 
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Middle  Branch  Escanaba  River  near  National  Mine 
Middle  Branch  Escanaba  River  near  Suomi 

Middle  Branch  Escanaba  River  tributary  No.  2 near 
Suomi 

Middle  Branch  Escanaba  River  tributary  No.  3 near 
Suomi 

Flopper  Creek  near  Princeton 

Flopper  Creek  tributary  near  Princeton 
Flopper  Creek  at  Highway  565  near  Princeton 
Bear  Creek  near  Princeton 

Bear  Creek  tributary  near  Princeton 
Bear  Creek  tributary  No.  2 near  Princeton 
Bear  Creek  tributary  near  Bear  Creek 
Bear  Creek  near  mouth  near  Princeton 
Green  Creek  near  Palmer 

Green  Creek  at  County  Road  565  near  Palmer 
Green  Creek  near  Princeton 
Green  Creek  at  M-35  near  Princeton 
East  Branch  Escanaba  River: 

Ely  Creek  near  National  Mine 
Schweitzer  Creek: 

Green  Creek  near  National  Mine 

Unnamed  tributary  near  National  Mine 
Schweitzer  Creek  near  National  Mine 
Schweitzer  Creek  near  Palmer 
Schweitzer  Creek  at  Highway  565  near  Palmer 
Warner  Creek  near  Palmer 
East  Branch  Escanaba  River  near  Palmer 
Fifteen  Creek  near  Palmer 
Goose  Lake  outlet: 

Partridge  Creek  at  Negaunee 
Partridge  Creek  near  Negaunee 
Goose  Lake  inlet  at  Goose  Lake  near  Palmer 
Goose  Lake  outlet  near  Palmer 
Goose  Lake  outlet  near  Sands  Station 
East  Branch  Escanaba  River  near  Sands  Station 
Uncle  Tom  Creek  near  Sands  Station 
O'Neal  Creek  near  Sands  Station 
East  Branch  Escanaba  River  at  O'Neal  Creek  near 
Sands  Station 

East  Branch  Escanaba  River  near  Gwinn 

East  Branch  Escanaba  River  tribvitary  near  Gwinn 
Halfway  Creek  at  Gwinn 
East  Branch  Escanal'a  River  at  Gwinn 
Big  West  Branch  Escanaba  River  near  Arnold 
Sandmill  Creek: 

Little  Lake  outlet  near  Forsyth 
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Streams  Tributary  to  Lake  Michigan  (continued) 


Ford  River  at  Ralph 

North  Branch  Ford  River  at  Alfred 
South  Branch  Ford  River  near  Helps 
Ten  Mile  Creek  at  Faunus 
Ten  Mile  Creek  at  mouth  near  LaBranche 
Big  Cedar  River  near  Spaulding 

West  Branch  Big  Cedar  River  near  Hermansville 
Big  Cedar  River  at  US-2  near  Spaulding 
Menominee  River: 

Brule  River  near  Caspian 

Iron  Lake  Creek  near  Iron  River 
Sunset  Creek  near  Iron  River 
Stanley  Creek  near  Iron  River 
Stanley  Creek  US-2  near  Iron  River 
Iron  River  at  Iron  River 
Iron  River  at  US-2  at  Iron  River 
Iron  River  near  Caspian 

Holmes  Creek  at  Caspian 
Iron  River  at  Caspian 

Iron  River  tributary  at  Caspian 
Armstrong  Creek: 

Mastodon  Creek: 

Alpha  Creek  near  Alpha 
Spring  near  Alpha 

Net  River: 

North  Branch  Net  River  near  Amasa 
East  Branch  Net  River  near  Amasa 
Hemlock  River  near  Amasa 
Chicagon  Creek  near  Iron  River 
Paint  River  near  Crystal  Falls 

Briar  Hill  Creek  near  Crystal  Falls 
Michigamme  River: 

Peshekee  River: 

Dishno  Creek  near  Champion 
Peshekee  River  near  Champion 
Magers  Creek  near  Champion 
Spurr  River  at  Michigamme 
Michigamme  River  near  Champion 
Spruce  River: 

Mill  Creek  near  Republic 
Spruce  River  near  Champion 
Trout  Falls  Creek  near  Republic 
Fence  River  near  Witch  Lake 
Deer  River  near  Balsam 
Menominee  River  near  Florence,  Wisconsin 
White  Creek  near  Norway 
Sturgeon  River: 

West  Branch  Sturgeon  River  near  Randville 
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Streams  Tributary  to  Lake  Michigan  (continued) 


West  Branch  Sturgeon  River  near  Felch 
West  Branch  Sturgeon  River  near  Foster  City 
East  Branch  Sturgeon  River  near  Felch 
East  Branch  Sturgeon  River  near  Hardwood 
East  Branch  Sturgeon  River  at  Foster  City 
East  Branch  Sturgeon  River  near  Foster  City 
Sturgeon  River  near  Waucedah 
Pine  Creek: 

Pine  Creek  tributary  near  Randville 
Sturgeon  River  at  Loretto 

Hamilton  Creek  near  Loretto 
Little  Cedar  River  at  Hermansville 


38 


APPENDIX  B 


WATER  QUALITY 

Michigan  Department  of  Natural  Resources 
Geological  Survey 
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ANALYSES  OF  SURFACE  WATER 
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U.S.G.S.  WATER  QUALITY  STATION  653 


WEST  BRANCH  OF  STURGEON  RIVER  NEAR  RANDVILLE 


Values  for  water  year  October  1969  to  September  1970. 


Specific  Conductance 

Temperature 

(micromhos  at  250^1 

(°C) 

Minimum 

315 

0 

Maximum 

340 

22.0 

Average 

332 

8.4 
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U.S.G.S.  WATER  TEMPERATURE  STATIONS 


Station 

Number 

Station 

Name 

Period  of 
Record* 

Maximum 
Temperature 
for  Period 

Minimum 
Temperature 
for  Period 

(°C) 

(°C) 

578 

Middle  Branch  Escanaga 
River  at  Humboldt 

1973-1974 

22.5 

freezing 

578.12 

Greenwood  Afterbay  near 
Greenwood 

1973-1974 

24.5 

1.0 

578.13 

Greenwood  Diversion 
near  Greenwood 

1974 

22.5 

2.0 

578.14 

Greenwood  Release  near 
Greenwood 

1974 

23.5 

1.0 

5782 

Middle  Branch  Escanaba 
River  near  Greenwood 

1974 

26.0 

freezing 

580 

Middle  Branch  Escanaba 
River  near  Ishpeming 

1961-1974 

25.5 

freezing 

582 

Schweitzer  Creek  near 
Palmer 

1961-1971 

25.0 

freezing 

622 

Peshekee  River  near 
Champion 

1961-1974 

28.5 

freezing 

655 

Sturgeon  River  near 
Foster  City 

1956-1974 

30.0 

freezing 

656 

Pine  Creek  near  Iron 
Mountain 

1972-1974 

24.0 

freezing 

* 

1975  data  unpublished  and  not  included  in  this  tabulation. 
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SEDIMENT  CONCENTRATION  DATA 


Station 

Nvunber 

Station 

Name 

Period  of 
Record 

Number  of 
Samples 

Minimum 

Concentration 

Maximum 

Concentration 

(ppm) 

(ppm) 

442 

Carp  Creek  at  Ishpeming 

4-62  to 
4-63 

3 

2 

24 

444 

Carp  River  near 
Negaunee 

8/1961  to 
4/1963 

4 

2 

12 

578 

Middle  Branch  Escanaba 
River  at  Humboldt 

7/1961  to 
6/1963 

26 

1 

16 

580 

Middle  Branch  Escanaba 
River  near  Ishpeming 

7/1961  to 
9/1963 

27 

1 

11 

i 

582 

Schweitzer  Creek  near 
Palmer 

11/1961  to 
11/1963 

29 

1 

96  ^ 

1 

4 

585 

East  Branch  Escanaba 
River  at  Gwinn 

7/1961  to 

daily 

1 

58 

. 

622 

Peshekee  River  near 
Chcimpion 

11/1961  to 

25 

1 
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TEMPERATURE  AND  SEDIMENT  DATA 


■4 

I 

■i 


Sediment 

Temperature  Concentration 

(°C) (mq/i) 


Station 

Number 

Station 

Name 

Period  of 
Record 

Min.  for 
Period 

Max.  for 
Period 

Min.  for 
Period 

Max.  for 
Period 

579 

Black  River  near 
Republic 

1962-1965 

1961-1968 

(sed) 

(temp) 

freezing 

27 

1 

i 

21  i 

i 

624 

Michigamme  River 
near  Witch  Lake 

1964-1969 

1964-1970 

(sed) 

(temp) 

freezing 

23 

0 

■i 

80  1 
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Chemical  analyses  of  samples  collected  from  Michigaji  sCrcama  under  low- 


» -r  «^caf  NV. '^VT  I.  T «{  N..  R If,  W,  3IC  /nr  I*  2^-^ 

\ iir  Ay-  l«! 

t Mli>€rrf  if  NW  \sff  20.  T.  M N . R :i  W.  f,.'C  /nMO 


APPENDIX  D 

RULES  AND  REGULATIONS  CONCERNING 
INLAND  LAKES  AND  STREAMS  ACT 
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HYDROLOGICAL  SURVEY  DIVISION 
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gt.ih»  plAatlag, 


Following  th»  installation  of  the  pipeline  or  cable,  all  work 
s screaXA  or  lakes  shall  be  restored  irficdiately  and  the  cspoied 


ilsi  pfi-parvO  by  t»v.  <li-  /ra'-ul  pursu-mt  to  »»u^sectlon 

•J.t  act  wll»  in  luJi  piioU  j;>, utlwn#  rrcfivcJ  durlnR  each 
,.t  wMh  p.-teJt-  ^ .»v«-  been  lisuecj.  Ilie  ll‘«t  h.ill  be 
viljet.  IN'  lis.t  uuiuJi-s  intor^jtlon  un:  pioniiii  n\'Ob‘-i,  Job 

.»nd  w.»i»  rctiurai  . wotetbhed,  location  of  propob.tl  by 


